It was reported in 1930 (2) that exposure to polarized light had been found to induce hydrolysis of starch grains in the mesophyll of living leaves.
The present paper gives an account of some experiments on the hydrolyzing influence of polarized light when applied to foliar stomata. In many plant forms the guard cells of leaf stomata are more easily observed in the living condition than are other starch-containing cells. Also, guard cells are specially attractive for studies on turgor or changes in relation to starch formation and starch hydrolysis, for turgor changes influence the opening and closing of the stomatal apertures. All of these tests were made with bright sky light or direct sunshine, polarized by means of a Nicol prism, or sometimes by means of reflection from a glass-covered ferrotype plate.
The list of plant forms studied included Hyacinthus orientalis, Convallaria majalis, Pancratium fragrans, Tradescantia fluminensis, Hemerocallis fulva, Crinum americanum, Lactuca sativa, Tropaeolum polyphyllum, and Rheum rhaponticum. These plants were chosen because their foliar stomata are relatively large and are essentially confined to the lower (or abaxial) leaf surface. In healthy leaves of all these forms, or in pieces of still living epidermis stripped from the leaves, polarized light was found to induce or accelerate the disintegration and hydrolysis of the starch grains of the stomatal guard cells. Methods For study in the living condition pieces of epidermis from the lower leaf surface were quickly placed in a thin film of water on a slide and brought to the microscope stage, or they were placed directly on the stage of the instrument. For final examination and temporary presentation such strips were killed and fixed by submerging in hot 98% ethyl alcohol for about a minute, washed in water, treated with potassium iodide-iodine solution to identify starch grains if present in the guard cells, and mounted in glycerine solution.
of a healthy Hyacinth plant growing in a sunny window. Thus, polarized sky light reached a rectangular area (about 0.5 of an inch) of the lower leaf surface. Around that specially lighted area was a border about one-half of an inch wide, covered by the opaque frame of the prism, which thus received no direct light. While most of the lower surface received unpolarized sky light, the whole upper surface received natural sky light, some portion of which doubtless penetrated weakly through the leaf. After three days of clear weather, samples of lower epidermis were taken from the experimental leaf at about 4 P.M. and examined microscopically. It EXPERIMENT V In each of two culture chambers was placed a healthy potted plant of Tropaeolum. In the first chamber the only illumination was bright sky light reflected from a ferrotype plate covered with glass placed at an angle of 56 degrees to the horizon to produce a high degree of polarization by reflection. The second chamber was lighted by bright sky light reflected from white paper and consequently unpolarized. Tests with photographic paper indicated that light intensity was approximately equal in the two chambers in the daytime; of course both chambers were dark at night. This angle of polarization can be tested by using another Nicol prism as an analysis.
In the late afternoon of the second day of this experiment a leaf from each plant was boiled in ethyl alcohol, stained with iodine, and examined microscopically with the lower surface uppermost, without any attempt to separate the epidermis from the rest of the leaf. The findings are indicated by the photographs of figures 3A and 3B, secured by focusing on the lower epidermis, bundles and mesophyll forming the blurred background. It is evident that the guard cells of the leaf that had received polarized light from the ferrotype plate were essentially without starch ( fig. 3A) , while those of the leaf receiving unpolarized light from white paper were well filled with starch ( fig. 3B) EXPERIMENT VIII Because the original source of light for many of these experiments was relatively weak, being sky light, used either directly or as reflected from the microscope mirror, and because the polarized light from a Nicol prism is generally onfy about one-half as intense as the original light entering the polarizer, it seemed desirable to make some tests with direct sunshine as original source, which would be much more intense than sky light. With this thought in mind, a young and healthy plant of Hyacinth in a south window was kept in direct sunshine, from noon till 3: 30 P.M. on January 23, when it was safe to suppose that the guard cells would be well filled with starch. Then a Nicol prism was placed closely against the lower surface of one of the leaves, in order that the region covered would receive polarized sunshine, with full sunshine as the source. The region covered by the cork rim of the prism received no full sunshine and was almost in darkness, so far as direct light was concerned. The rest of the lower surface also received some sky light indirectly by penetration through the leaf tissues from the upper surface, but such additional radiation must have been very weak and was considered as quite negligible in the present connection. This plant stood in bright sunshine till the end of the daylight period of the 23rd, then in darkness till the beginning of the daylight period of the 24th, and finally in bright sunshine again till 4 P.m. on that day. The air temperature for this test was low, never above 500 F.
At 4 P.M. on the second day, a strip of lower epidermis was taken from the experimental leaf; this included some of the region covered by the prism and some of that covered by the rim as well as some of the uncovered part. Microscopic examination of this strip showed that both the guard cells of the rim-darkened region and those of the uncovered region were invariably crammed with starch and appeared quite normal, the stomatal apertures being closed or very narrow ( fig. 4A) 
Summary
For a number of plant forms, closed stomata of the lower foliar surface
were induced to open in a few hours of exposure to polarized sky light, which also induced or accelerated the hydrolysis of starch in the guard cells. These results were obtained in experiments on uninjured leaves or strips of epidermis taken from the leaves but still alive. After several hours' exposure to polarized sky light, tests with Fehling solution indicated that decrease in starch content was accompanied by notable accumulation of reducing sugar in the guard cells. Under the influence of polarized direct sunlight, hydrolysis of starch in a guard cell was sometimes accompanied or followed by violent bursting or explosion of the cell, as if by excessive internal pressure. There was some evidence that weak polarized light which penetrated to the mesophyll cells of the leaf might induce or accelerate starch hydrolysis in these cells.
The velocity of induced hydrolysis and of the opening of previously closed stomata was naturally dependent on the intensity of the polarized light used, on the health and maturity of the plants, and their histological characteristics.
These general results, secured with a few plant forms under general conditions thus far roughly defined but clearly demonstrated (4), are sufficient to call for further more extensive and quantitative studies in this particular field of plant physiology. The present report is of pioneer or exploratory nature. It is an addition to the writer 's earlier findings concerning the influence of polarized light on hydrolysis of starch in vitro (1, 3, 6) and in the mesophyll (2) .
